A fate model, TOXFATE, is coupled with a hydrodynamic model of the waters off the Toronto waterfront, Lake Ontario. The Toronto waterfront is here defined as a rectangular area, 48 km long by 10 km wide, of the lake delimited on the west by Etobicoke Creek and in the east by the Rouge River. Data were collected in 1987 in support of the Toronto Main Sewage Treatment Plant (STP) pilot site study, Municipal and Industrial Study for Abatement (MISA). It provides an excellent baseline database. The object of the fate-modeling study is to assess the change in organics concentration if loadings from the Main STP and other local sources were changed or the outfall location moved farther offshore. Loadings of contaminants from local sources in the Toronto waterfront area are between 0.5% to 25% of contaminants that enter Lake Ontario from other sources. Results show that if sources of local loadings were reduced, changes in water concentrations would be noticeable within 1 to 2 kilometres from shore. Only a small area of the waterfront is affected directly by local sources since waters in the Toronto waterfront area are replaced approximately every 9 days (as computed from the hydrodynamic simulation). Therefore, toxic contaminants that enter from local sources are readily dispersed in the rest of the lake. Simulations also show that the extension of the Toronto Main STP outfall to a new location farther offshore will result in a dilution of toxic contaminants 10 times greater than that obtained at the present STP outfall. A complete set of figures, including an interactive analysis of the computer simulations, is available on the Web site www.butx.com/toronto.
Introduction
This research project was carried out in support of the Toronto Main Sewage Treatment Plant (STP) Municipal and Industrial Study for Abatement (MISA) pilot site study. An extensive literature review done in late 2000 has shown that very few references exist on the limnology and contamination of organic contaminants in the Toronto waterfront. Halfon and Poulton (1992) published a comprehensive review of the presence of toxic contaminants present in the Toronto waterfront. Numerical simulations were performed for 15 contaminants, with detailed analysis for three toxic contaminants, 1,2-dichlorobenzene, hexachlorobenzene and total PCBs. These three contaminants are representative of chemicals ranging from volatile to persistent in behaviour. The objective is to predict the relative impact of the Toronto Main STP on nearshore Lake Ontario water quality as well as the extent of the improvement that can be expected from reasonable abatement activities. Physical factors such as currents influence the development of contaminant plumes off the Toronto waterfront. All organic contaminants raw data collected in 1987 are available from in Halfon (1992) .
Pollution along the Toronto waterfront has several origins. Particularly disturbing to the public is the closure of public beaches due to bacterial pollution. Less evident to the human eye is pollution from toxic contaminants. Contaminants are present in lakewaters since they enter Lake Ontario from various sources, mainly the Niagara River (Fox et al. 1983; Halfon 1986b ) and the atmosphere. Furthermore, a number of contaminants enter Lake Ontario locally from the local STPs and rivers. As Toronto uses Lake Ontario as a source of drinking water, concerns exist on whether water, polluted with toxic contaminants, enters the municipal drinking water system. The Toronto waterfront area is here defined as the region of the lake delimited on the west by Etobicoke Creek and in the east by the Rouge River extending about 48 km along shore, with an average distance from shore of 10 km. The study area has a surface of approximately 344 km 2 , a volume of 1.28 × 10 10 m 3, and a mean depth of 37 m. The focus of this paper is on toxic organic contaminants only and not on other sources of pollution in the Toronto waterfront. Toxic organic contaminants are found at water concentrations of the order of 0.01 ng/L to 10 ng/L, depending on the contaminants, a three-order of magnitude range.
A mathematical model, TOXFATE (Halfon 1986a,b; Halfon and Oliver 1990; Halfon and Allan 1995) was used to integrate the information about the contaminant loadings from the STPs and tributaries in the Metropolitan Toronto region with the water circulation in the waterfront area. Hydrodynamic simulations were performed using the RAND model. The RAND model (Gore and Storrie 1989) was developed in the early 1970s to model the currents in a two-dimensional basin. In 1985, the Ontario Ministry of the Environment updated the model to be used in the Toronto waterfront area. In 1987 current meters were set up in the area to provide boundary conditions to the model in connection with endeavors to model the fate of toxic contaminants. The Ontario Ministry of the Environment supplied the contaminant loadings. The hydrodynamic model calculates currents in the Toronto waterfront area with a resolution of 500 metres. Lake water circulation nearshore is affected by the various lake -fills that protrude well into the lake. The lake is quite shallow near shore, but the depth rapidly increases to 20 metres at 1 km from shore. Jolliffe (1988) analyzed in detail the influence of the Metropolitan Toronto area to the Waterfront. Simons and Schertzer (1989) described the local cur-rents, and Greenwood and McGillivray (1978) explained the influence of waves on the littoral zone. Shen et al. (1995) and Elliott and Broberg (1998) published hydrodynamic simulations with modern numerical methods. Boyce et al. (1993) studied the behaviour of the thermal structure of the Toronto waterfront in response to climatic and man-made events.
Measurements
To investigate the problem of toxic contaminants in the Toronto waterfront, Halfon and Poulton (1992) collected water samples in Lake Ontario in 1987 and mapped the distribution of 89 chemicals, including 51 PCB isomers. The survey was conducted at 29 stations over a 6-month period (Fig.1) . Each cruise in the Toronto waterfront took 2 weeks, and in that period, a large volume of water from Lake Ontario, 2.07 × 10 9 m 3 , or about half the volume of the area under study, passed through the waterfront area. Therefore, the field observations provide a quasi-synoptic view of the concentrations over the 2-week period of each cruise (in October 1987 the cruise took only 3 days since a research vessel, the Limnos, was used). The contaminant data collected in Lake Ontario represents a snapshot of an event continuously taking place in the lake, mainly the flow of organics from several sources into the lake and onto the St. Lawrence River. The experimental design and the distribution maps of the contaminant concen- Halfon and Poulton (1992) . Water samples (integrated over a 20-metre depth) of 200-L volume were collected from a ship at 29 stations on three separate occasions from May to October 1987. Due to operational constraints, only selected sectors of the lake were observed each day. The Ontario Ministry of the Environment also deployed current meters in the area to assess the local water circulation during the same period. They also measured toxic contaminant loadings from rivers and STPs in the area. The integration of physical, toxicological and modeling research programs contributed to the understanding of the problems of toxic contaminants in the waterfront. Hydrometeorological data used in models of lake circulation (Gore and Storrie 1989) and of chemical fate (Halfon and Oliver 1990) include the discharge of the Niagara River, water level, wind speed and direction, and water temperature.
Model Framework
The fate model, TOXFATE, integrates the physicochemical properties of a chemical with the physical characteristics of the lake, such as water circulation and wind speed, to originate reliable (Halfon and Allan 1995) fate predictions. The model simulates the time-varying concentration of a toxic contaminant in the water column under the influence of circulation. The model is formalized as an ordinary differential equation and can be parameterized to represent a variety of contaminants. The physicochemical properties of the toxic contaminants, such as molecular weight (MWT), solubility, octanol-water partition coefficient (K ow ), Henry's Law constant are used as input data to the model (Table 1 ). The transport processes of advection in water are handled by a box model, which includes information about currents computed by a hydrodynamic model (Gore and Storrie 1989) . The pollutant is assumed to be immediately and completely mixed within each spatial cell. The area near the Toronto waterfront is divided into 1370 spatial cells, each of 0.5 × 0.5 km. The depth of each grid cell is calculated from water level values referred to the International Great Lakes Datum (IGLD 1985) . The fate model is solved for each cell. The RAND model (Gore and Storrie 1989) 
Hydrodynamic Model
The circulation of Lake Ontario can be visualized as the sum of a number of elementary circulation patterns, each caused by a particular type of forcing. Strictly speaking, this superposition of model solutions is valid only for linear systems. While non-linear processes, to some extent, affect the dynamics of currents, it is generally found that linearized models produce adequate simulations of observed current patterns. However, the effects of ignoring non-linear processes result in unstable current predictions after a period of 12 days, thus limiting the length of any RAND model simulation (Gore and Storrie 1989) .
The elementary circulation patterns are the hydraulic flow and the wind-driven currents. The hydraulic circulation is associated with inflowing and outflowing rivers. This part of the circulation is negligible in Lake Ontario overall but locally significant, for example, at the Niagara River estuary. The wind-driven circulation may be decomposed into topographic and Seiche currents. The topographic circulation is induced by wind forcing in the presence of depth variations. The basic cause of this circulation is that the force of the wind stress at the water surface is independent of the local water depth. Since acceleration equals force divided by mass, shallow water columns start moving much faster than deepwater columns. Eventually, an equilibrium is established with shallow nearshore water moving in the direction of the wind and the water in mid-lake returning against the wind, thus appearing as closed circulation cells. For most large lakes, these topographic gyres account for nearly all the water movement and they may be seen to propagate around the basin long after the wind has ceased. In the Toronto waterfront the bottom friction is large because of the shallow depth (Greenwood and McGillivray 1978) so that free water movements are rapidly damped out, and hence the topographic circulation patterns are essentially in quasi-steady balance with the wind and respond rapidly to changing wind conditions.
The hydraulic and topographic circulation patterns are non-divergent, i.e., the vertically integrated current normal to any closed horizontal contour vanishes when integrated along the whole contour. In other words, the outflow balances the inflow and the volume of the water mass enclosed by the bottom, the water surface and the contour are conserved. Once the lake has been divided into a number of compartments, each compartment retains its shape and water mass and only the concentrations of pollutants inside the compartment will change with time.
In contrast to the foregoing, the wind-induced Seiche currents are divergent . The wind induces a "setup" of increased water elevation at the downwind end of the lake. The balance between wind-induced forces and gravity results in oscillations of the free water surface when the wind stops. These currents are associated with wind-induced oscillations of the free water surface and hence display periodic reversals of direction. The flow is called divergent because the net flow across a closed horizontal contour does not vanish and the resulting gain or loss of water changes the local elevation of the lake surface and hence the volume of a model compartment. Gore and Storrie (1989) have described the mathematical aspects of the hydrodynamic model of the Toronto waterfront. Briefly, the currents are computed from the hydrodynamic equations of motion in which the wind stress at the water surface appears as the driving force. In this application of the RAND model, the driving force is not the wind but the current meters. Eight current meters were deployed, six at the boundaries and two within the Toronto waterfront area. Some failed and some did not provide data for the whole season. Some of the remaining current meters whose data were usable were near each other, but others were very far apart leaving large holes, or areas where the boundary conditions were determined by the model rather than by observations. In the areas where several current meters were located close to each other, the measured currents did not match very well at all times. This situation leads to the creation of artificial jets between current meters. These jets do not exist in reality but they are created numerically. To overcome these problems Gore and Storrie (1989) used only three current meters to drive the model. The reader is encouraged to read their paper for more details on the RAND model. For each grid square, the mean water depth is obtained from a bathymetric chart and corrected for the actual water level above the chart datum. For regular boundary points, the current normal to the shore is set equal to zero.
Current computations
The RAND model output consists of velocity fields at the grid points. The water mass balance is satisfied by the continuity equation. However, the RAND model does not explicitly produce a mass balance for each box, or spatial cell, as required by TOXFATE. For this reason a special interfacing program had to be written to bridge the two models. Results from the hydrodynamic model were stored on high-density magnetic tapes.
The RAND model satisfies the continuity equation globally. In some parts of the model, namely, nearshore, the water mass balance is not well respected. In shallow water nearshore and in Toronto Harbour, the spatial grid of 0.5 km is not fine enough to provide a reliable mass balance. This lack of mass balance is not a problem for the RAND model, since the amount of water in shallow areas is quite small in relation to the total water mass of the Toronto waterfront. This lack of mass balance nearshore however is extremely detrimental to the fate model. If water mass balance is not maintained in each spatial cell, toxic contaminants might be created or destroyed numerically, rather than in reality. As part of this study, extensive numerical calculations were made to balance the water mass nearshore and I noted that the water mass balance had an error of about 3% nearshore. These errors are mainly restricted to two areas, the outfall of the Humber River into Humber Bay, and inside Toronto Harbour. Another problem surfaces nearshore in small embayments surrounded by land on three sides. The RAND model sometimes computes a vector field that is perpendicular to the shore, i.e., some water goes into the shore boundary and disappears. When this phenomenon occurs in a spatial cell that is surrounded on three sides by land and in only one by water, the RAND model does not allow water to move freely in and out of the embayment. In this case, the simulations show that no water moves in or out of the cove. This scenario is not realistic since even small embayments have water transport. For modeling purposes these areas were made to be isolated. Thus in some model simulations, some nearshore zones seem to HALFON be extremely clean or extremely polluted in relation to the surrounding areas. This case could not be avoided using the present model setup.
Loadings Loadings from the Toronto Waterfront
The Ontario Ministry of the Environment provided estimates of loadings, based on data collected in rivers and in discharge pipes in 1987. Loadings were estimated by multiplying the average concentration of the contaminant during each cruise by the measured flow on each day. These loading calculations are inaccurate, given the dilution and spatial and temporal inhomogeneity of the contaminants, but they provide a reasonable estimate of the loadings of the chemicals during the 6-month period. The average computed loadings, shown in Table 2 , are split into five different classes: (1) total loadings from all sources in the Toronto waterfront, i.e., all four STPs and rivers; (2) loadings from the four STPs; (3) loadings from only the Toronto Main STP; (4) loadings from the rivers and three STPs, namely, Etobicoke, Lakeview and Humber (this calculation shows loadings to the Toronto waterfront, eliminating all loadings from the Toronto main STP); and (5) loadings from the rivers only. It is noteworthy that the load from rivers is extremely low in relation to the amount of chemicals 
Loadings from the Niagara River and Atmosphere
The loading comparison from the Toronto waterfront area and from the Niagara River is also interesting. Table 3 shows loading estimates by Halfon and Oliver (1990) Rogers 1987) . Two interesting aspects of this data set should be pointed out: one is the large decrease in loadings from 1982 to 1988 (PCB and lindane are notable exceptions), and the other is the fact that loadings of different chemicals range within two orders of magnitude. Tables 2 and 3 show the loadings from the Niagara River and from the Toronto waterfront for 15 chemicals in 1987. Figure 2 shows the relative loadings from the Niagara River. The lowest percentage is for 1,4-DCB (at 58%). The percentages for the Toronto waterfront range between 0.5 and 25%. At the low end are the PCBs and at the high end 1,4-DCB. Tables 2 to  5 show that the Toronto waterfront might be a significant source of toxic contaminants, especially for the chlorinated benzenes. Tables 4 and 5 , for example, show that loadings of PCB and HCB from the Toronto waterfront area are quite insignificant. Conversely, elimination of chlorobenzene load- 
Results
The amount of information that is available from this modeling study is very large. Twenty-nine contaminants were sampled during three cruises (Halfon and Poulton 1992) for a total of 87 scenarios. Discussion of each individual scenario would not help the reader in understanding the behaviour of toxic contaminants in the Toronto waterfront. However, given the very limited spatial area, the outfall itself and up to 500 metres in any direction, the fate of a toxic contaminant is controlled mostly by dilution. The rationale behind this assumption is that a chemical remains in this area for less than an hour. In this time period processes, such as biodegradation, adsorption and volatilization do not influence the fate of a chemical as much as transport does. This assumption allows us to study the spatial distribution of any contaminant and prepare charts that any manager can easily use. For example, Fig. 3 and 4 can be used by a manager to compute the probability of observing a given concentration in the lake of toxic contaminants at 0 metres (at the outfall) and at 500 metres, given a unit load of 100 grams per day from the Toronto Main STP.
To improve the understanding of the simulations, the many scenarios that were explored in detail, together with a mathematical model, can be found on the Web at the following address: www.butx.com/toronto. These scenarios analyze the whole waterfront area in its present conditions and some predictive scenarios should loadings be removed or changed. The Toronto Main STP outfall is located east of the outer harbour and east of the Leslie spit. Circulation in that part of the lake varies widely because of the proximity to land. Dilution of wastes from the STP is limited because of this slow circulation. In the mid 1980s, a proposal has been made to move the outfall to a new location farther out in the lake, but no action has taken place since. In this section, results from computer simulations assess the influence of dilution in the present location.
Simulations
Toxic contaminants loadings from the Metropolitan Toronto area are about 0.5 % to 25% (Fig. 5 ) of the total loadings from all sources. Toronto is a notable source of chlorobenzenes, and therefore removal of local contaminant sources will be beneficial because fewer contaminants will enter Lake Ontario overall. Loadings of toxic contaminants from local tributaries are low in relation to the loadings from the STPs. In terms of impact, however, except for PCBs, the concentrations of toxic contaminants in Lake Ontario are much below the PWQO (provincial water quality objective). In terms of mass balance, given the large volume of the lake, the considerable amount of toxic contaminants stored in this ecosystem has large repercussions.
The water circulation pattern varied during the year. In June 1987, the main water movement was from west to east, and from east to west in July and October. Our hydrodynamic simulation shows that during the three cruises it took about 9 days to replenish the waters in the Toronto waterfront area. Thus, contaminants that enter the lake waters from local sources persist locally for less than 2 weeks. Exchange (through flow) of toxic contaminants, from the main body of the lake into the Toronto waterfront area, is 10 to 2000 times larger for different contaminants in different seasons than the input from local sources.
The main assumption to the analysis of contaminant distributions at the outfall of the Toronto Main STP is that, given the very limited spatial area considered (i.e., within a 500 m radius of the outfall), the fate of a toxic contaminant is controlled mostly by dilution. The rationale behind this assumption is that a chemical remains in this area for less than an hour. In this time period, processes such as biodegradation, adsorption and volatilization do not influence the fate of a chemical as much as transport does.
Hydrodynamic simulations were performed to compute the probabilities of occurrence of a given concentration (X-axis) for a standard load of 100 grams per day. Figure 3 shows the probability that the observed concentration at the present outfall (out to a 500 metres radius) will be less than a given concentration (X-axis). Note that the X-scale has a range of 0 to 12 ng/L. Figure 4 shows a similar probability function if the outfall is moved one mile farther offshore (Fig. 1) . Note that this scale has a range of 0 to 4 ng/L, i.e., the dilution at the new location is larger than at the present one. Thus, the model predictions show that the extension of the Toronto Main STP outfall to a new location farther offshore may result in a dilution of toxic contaminants 10 times larger than that obtained at the present STP outfall. 
Computation of the Probability Plots
The following steps were taken to simulate the spatial distribution of toxic contaminants around the Toronto Main STP waters.
• The RAND model was run for 12 days with output every 5 minutes (12 days is the maximum time the RAND model can be run for the Toronto waterfront without numerical instabilities). Note that the grid of the RAND model is 500 metres, which corresponds to the resolution of the fate model.
• Output from the RAND model was used as input to TOXFATE. Each grid point corresponds to a spatial cell, a square cell with a side of 500 metres. Concentrations of toxic contaminants are sampled every 5 minutes. Nine cells are sampled. The Toronto Main STP is located in the middle cell (which is called "0 metres"). Eight other cells surround it and are called "500 metres." • A constant loading of 100 grams of contaminant per day enters the lake from the Toronto Main STP.
• A constant loading into the lake waters does not imply a constant concentration in the receiving waters. The reason is that current velocities and directions change continuously. If currents are slow, high contaminant concentrations are observed. If currents are fast, the contaminants are promptly diluted.
• Two sets of concentrations are computed. The first set records data at the Toronto Main STP outfall at 0 metres, middle cell. The second set records concentrations at 500 metres from the outfall, i.e., in the other eight cells.
• The maximum concentration of contaminant observed in any one of the eight surrounding cells is saved for each step in the 12-day model period. The rationale of this choice is because I am interested in the worst case scenario, i.e. highest contaminant concentration. At each time step the current direction might change. By choosing the maximum of the eight cells the problem of tracking direction is eliminated.
• Figure 6 shows the frequency distributions of the contaminants concentrations when all three time periods are combined. Figure 6a shows that, with loadings of 100 grams per day, the most likely concentration at the Toronto Main STP is between 0.03 and 1 ng/L. At the 500-metre level the probability curve is almost the same (Fig.6b) . The main difference is that very high concentrations (over 2 ng/L) are much less likely at 500 metres than at 0 metres. In Fig. 6a the minimum concentration is 0.4 ng/L and the maximum is 12 ng/L. In Fig. 6b the range is similar. The probability function distribution is fairly uniform. Currents of low velocity and of high velocity are almost equally probable. In July and October 1987 high velocity currents were more likely than low velocities and therefore lower concentrations would have been more likely than higher concentrations.
• An agreement exists between the global circulation of the Toronto waterfront and the local circulation around the Toronto Main STP outfall. Model calculations show an increase of the water through flow from June to October 1987, from 88,000 m 3 in June to 480, 000 m 3 in October.
• This procedure is repeated for the proposed STP. The new outfall of the Toronto Main STP is farther offshore. Figure 7 shows the concentrations at the proposed STP at the 0-and 500-metre marks. Note that the scale of Fig.  7 is between 0 and 4 ng/L. The range at the outfall of the old STP is between 0 and 12 ng/L (Fig. 6) . It is quite evident that moving the STP outfall off-shore is an improvement. These figures show that initial (near field) dilution is far more important than far-field dilution. This conclusion is also supported by simpler dilution models (McCorquodale, pers. comm.) • Figure 7 also shows that there is a 95% probability that the receiving waters will not exceed 3.3 ng/L at the 0-metre mark and 1.2 ng/L at 500 metres. The 50% level is at a concentration of 0.2 ng/L, 10 times lower than at the present STP. The change of location is clearly extremely beneficial with a dilution of 10 to 100 larger than at the present location.
• The results presented in j and k cannot be used easily by a manager. As mentioned above, Fig. 3 and 4 show a cumulative probability function. These figures were obtained by summing the probabilities in Fig. 6 and 7 , respectively. Figure 3 shows the probability that the concentration at the 0-and 500-metre mark will be lower than a given concentration. For example at the 0-metre mark of the present STP outfall, with a loading of 100 grams per day, there is a 95% probability that contaminant concentrations will be lower than 11.5 ng/L. At the 500-metre mark there is a 95% probability that concentrations will be lower than 8 ng/L. Note that the two curves for the 0-and 500-metre marks are the same up to the 50% probability level. This result means that there is a 50% probability that concentrations at both the 0-and 500-metre marks will be lower than 2 ng/Lm) • A cumulative probability function is also plotted for the proposed outfall of the Toronto Main STP (Fig. 4) . Here the simulations show that there is a 95% probability that the receiving waters will not exceed 3.3 ng/L at the 0-metre mark and 1.2 ng/L at 500 metres. The 50% level is at a concentration of 0.2 ng/L, 10 times lower than at the present STP.
• Please note that these results assume that Lake Ontario is completely void of contaminants, which, in reality, is not the case. In reality, these predicted concentrations are added to the concentrations already present in the lake.
• The probability functions assume a constant loading of 100 grams per day. These probability functions can be extrapolated to real loadings observed in the Toronto waterfront. Table 6 shows the observed loadings from the Toronto Main STP for the three chemicals analyzed in detail. Note that the loading of 1,2-DCB is 430 grams per day, the loading of HCB is 4 grams per day and the loading of PCB is 26 grams per day. Table 7 shows the expected concentrations of these three contaminants according to different probability levels at the outfall of the present and future STP. The a Present STP represents the Main Toronto STP, future STP represents the concentration near the outfall at the new location. Zero metres means at the pipe outfall and 500 metres means the maximum concentration within a 500 metres radius from the outfall. To obtain the expected concentration of 1,2-DCB, each number is multiplied by 2.8. To obtain the expected concentration of HCB, each number is divided by 24. To obtain the expected concentration of PCB, each number is divided by 6. load is normalized to 100 grams per day. Table 8 shows the offshore concentration of the three contaminants as well as the concentrations measured at station 2892 near the present Main STP outfall in 1987. The main differences between the main body of the lake and the outfall is due to the chlorobenzenes. Note that the offshore concentration depends on the loading from other sources such as the Niagara River and the atmosphere.
Discussion
Even if data were collected in 1987, the results of this research project are still valid. The location of the Toronto Main STP outfall is the same as it was at that time and the predictions on the improvement that can be expected from reasonable abatement activities still apply. Contaminants still enter Lake Ontario from various sources, mainly the Niagara River, the atmosphere and, locally, the Toronto waterfront. Toronto uses Lake Ontario, which is polluted with toxic contaminants, as a source of drinking water.
The mathematical models that describe the fate of the toxic contaminants and lake currents are state-of-the-art. Unfortunately, since 1987 no other combined research studies have been performed to assess the water circulation in the Toronto waterfront and the fate of toxic contaminants. From a general perspective, this kind of study is seldom performed in combination, namely, the collection of water movement data, measurement of organics concentrations and loadings, and mathematical modelling. The simulations show that loadings of toxic organic chemicals into Lake Ontario from the Toronto area have a localized impact on the lake waters. This impact is promptly diluted. The proportion of loadings from Toronto is quite small in relation to the through flow of chemicals already present in the lake. Thus, if local sources, such as Toronto Main STP, are eliminated, the impact of abatement will be felt only for some contaminants, such as chlorobenzenes. Conversely, given the high turnover rate of the waters off the Toronto waterfront, this area is affected by the main body of the lake and therefore from the effects of non-local sources.
The planned extension of the Toronto Main STP outfall to a location farther offshore would be beneficial. This study has shown that toxic contaminants from this outfall may be promptly diluted to a level 10 times lower than today. Removal of other local sources will decrease the concentrations of toxic contaminants within a few thousand metres from their outfall. While the removal of local sources might provide a visible decrease of toxic contaminants in the water, sediments and fish in the Toronto waterfront, the inputs of toxic contaminants from other sources, the Niagara River and the atmosphere, will continue to influence concentrations in the Toronto waterfront waters. The exchange of toxic contaminants from the main body of the lake into the Toronto waterfront area is 10 to 2000 times larger, for different contaminants in different seasons, than the input from local sources. Thus, loadings from other sources must be reduced to obtain a significant reduction of toxic contaminant concentrations in Lake Ontario and in the waterfront area. However, from an overall perspective, removal of local contaminant sources will be beneficial because fewer contaminants, especially chlorobenzenes, will enter the Lake Ontario ecosystem. This research effort has provided much needed baseline data (Halfon and Poulton 1992) as well as forecasts that can be applied when a new outfall will be planned. Of course, there is going to be the question on whether the cost of moving the outfall would be worth the expenses of reduced health risks from extra contaminants in the water.
